In modern conditions of sharp fluctuations in nickel prices on world markets, the problem of profitability of processing Russian poor oxidized nickel ores (ONO) has arisen. As an alternative to the previously existing in Russia, a sulphidation-reducing smelting on a matte, a hydro-pyrometallurgical method has been proposed for the preparation of complex nickel-, chromium-, manganese-containing ferroalloys. At the first stage, hydrolytic precipitation (with sodium hydroxide) is considered as a method of processing production solutions from heap leaching of ONO. It is established that at pH = 5.5, Al is completely removed in the precipitate as hydroxide. After washing from impurities and calcining, a concentrate containing 50 wt.% Al was obtained. At the second stage, at pH = 9.5, more than 99% of nickel and cobalt oxides, as well as 92% MnO and 46% MgO, are precipitated. Obtained after washing and calcination at 700 ∘ C oxide concentrate contains, by weight. %: 67 NiO; 3 CoO; 20 MnO; 9 MgO; 0,2 S. At the third stage, a pyrometallurgical method for smelting complex ferroalloys of the Fe-Ni-CrMn-Si system using refractory ferrosilicochrome as a reducing agent is proposed for the processing of nickel-containing concentrate. The scheme of hydro pyrometallurgical method of ONO processing includes: crushing, heap leaching, hydrolytic precipitation to obtain an aluminum-cobalt and nickel concentrates, silicothermic smelting to obtain complex nickel, chromium, manganese ferroalloys, for smelting of suitable stainless steels.
Introduction
Despite the fact that stainless steels are one of the most promising and mass materials in the world, their production in the Russian Federation is unreasonably low [1] . KnE Materials Science NIOKR-2018 rest of stainless steel needs are closed by imports. Nickel-, chromium and manganesecontaining ferroalloys are widely used for smelting special alloyed steels and alloys, in particular, corrosion-resistant. The main part of costs in the production of stainless steels accounts for nickel and chromium alloys. Under conditions of instability in world prices for alloying components, primarily for nickel, enterprises with their own ore base and production of ferroalloys for steel production, have certain advantages. A unique combination of nearby deposits of oxidized nickel and chrome ores, as well as ferroalloy and steel-making enterprises, determines the expediency of organizing in the Serov city Sverdlovsk region, [2] , on the basis of an existing plant producing ferrochrome, ferronickel and stainless steel production.
Russia is among the largest ten world producers of ferrochrome [3] , which cannot be said about ferronickel. In our country, for the production of high-quality corrosionresistant steels, electrolytic nickel (containing about 99% by weight Ni) is used predominantly. Its high cost does not contribute to the development of the nickel-containing steels production. The solution to this problem may be the use of relatively cheap nickel ferroalloys (containing 10-40% Ni), the deficit of which is currently felt in Russia. At the same time, the Russian Federation has sufficient reserves of poor oxidized nickel ores (ONO), suitable for the production of this type of alloys. Domestic ONO of silicate type localized mainly in the Urals.
Comparison of Russian ONO with ores that are processed abroad shows that in the latter nickel content is mostly at 1.9-2.5%, while Russian ores are poorer, they contain on average 0.7-1.2% Ni [4, 5] .
Until recently, the Urals ONO were processed according to the technologically outdated and environmentally dangerous processing scheme, the main process of which was sulphidation-reducing smelting to matte. To date, the processing of ONO in the Urals has been discontinued due to unprofitable process.
In modern conditions, four methods for the pyrometallurgical production of ferronickel are industrially used: the blooming process, shaft, blast and electric smelting [6] . Of these pyrometallurgical methods, electric smelting with preliminary calcination of ore in a rotary tube furnace developed by the Norwegian company Elkem has become the most common. Electric melting does not require ore agglomeration. It is suitable for ores with different content of refractory slag-forming components. It has good environmental performance and it is characterized by high extraction of nickel and cobalt and the production of slags containing the minimum amount of these metals, which makes it DOI 10.18502/kms.v5i1.3965
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KnE Materials Science NIOKR-2018 possible to use slags as building materials and to implement almost waste-free technology processing of ONO [7] . At the same time, only poor ferronickel (less than 7% Ni) can be obtained from domestic ONO with a high iron content [8] .
In recent decades, autoclave and ammonia carbonate technologies for processing rich ONO have been introduced in the world [9] [10] [11] . Some agitation nitro-, hydrochloric and sulfuric acid leaching methods are investigated [12] [13] [14] [15] . There is a brief information about the heap processing of ONO [16, 17] . The production of nickel using special Alyssum murale plants capable of selectively accumulating nickel are also known [18] .
These methods allow to process ONO. However, it should be noted that the application of described methods for processing Russian ONO will present certain technological difficulties due to the poor of the ore materials with regard to nickel content (1 wt.% Or less) and high magnesium content (10-20 wt.%).
The solution to the profitability issues of processing domestic poor ONO today, is the creation of a new promising technology for their processing. As an alternative to the reduction smelting on matte previously existing in Russia, it is possible to consider a hydro-pyrometallurgical method of obtaining complex ferroalloys of the Fe-Ni-Cr-Mn-Si system.
Results and Discussion
Samples of iron-magnesia ONO from the Serovskoye deposit were selected as the object of research. The presented ore sample is the most difficult to process by existing industrial methods. The chemical composition of the original ore is presented in Table 1 . In the laboratory we got solutes by the percolation leaching of ONO samples in a special installation (Figure 1 ) containing, g/dm 3 : 1-2 Ni, 0.04-0.06 Co, 1.5-1.8 Al, 0.6-1.9 Mn, 8.9-19.9 Mg, 0.02-0.60 Fe. In the leaching process, a significant amount of manganese, magnesium and aluminum also goes into solute, along with nickel and cobalt. To extract them from the solute, hydrolytic precipitation was used. Precipitation was carried out at room temperature in 2 stages at pH = 5.5 and 9.5, feeding sodium hydroxide to precipitation. Tables 2 and 3 show the dependence of nickel and cobalt extraction on the level of acidity (pH). 99% of nickel and 99.5% of cobalt are extracted from the solute (pH = 9.5).
Along with nickel and cobalt, about 96.5% of Mn and 73.3% of Mg are also extracted into the concentrate (Tables 2 and 3 ; Figure 3 ).
To remove the sulfur contained in the precipitate and part of impurities of other elements, the precipitate was washed with water at pH = 7, and then roasted at a temperature of 700 ∘ C. The result was a material of the following composition, wt.%: 67 NiO; 3
CoO; 20 MnO; 9 MgO; 0,2 S.
The pyrometallurgical method of smelting complex ferroalloys has been proposed for processing nickel-containing concentrate. As earlier studies have shown [19, 20] , NIOKR-2018
The dependence of the nickel and cobalt extraction degree on pH. complex ferroalloys have higher production characteristics, compared to standard twocomponent alloys. In metallurgy, metallothermic reduction of metals from oxides using silicon, that is one of the main reducing agents in the production of low carbon ferroalloys (ferromanganese, ferrochrome, ferrovanadium, etc.), has been widely used [21] . We have proposed to use silicon from ferrosilicochrome brand FSC48 (GOST 11861-91) containing, 2-4% to ensure a high degree of reduction of elements from the oxide melt to one stage (without slag removing). If it is necessary to obtain a metal with a low silicon content (less than 1% Si), it is possible to organize a two-stage process with the removing of intermediate slag. NIOKR-2018 In the process of silicothermic reduction, acidic slags are formed (with a higher content of SiO 2 ), significantly reducing the degree of reduction of the leading elements.
To maintain a high degree of reduction of manganese, nickel and minimize the loss of chromium with slag melts, it is necessary to bind formed silicon oxides into thermodynamically strong compounds of dicalcium silicate (2CaO·SiO2). To solve this problem, it was proposed to use freshly roasted lime as a fluxing material, with a content of 90-95%
CaO. The amount of lime was set with the calculation of maintaining the slag basicity (CaO/SiO2) at the level of 1.9-2.0. As a result, the rate of slag/metal increased to 1.22. The degree of concentrate components extraction in the alloy is, %:> 99 Ni; > 99 Co; ∼ 85% Mn. The resulting complex ferroalloy together with traditional grades of ferrochrome can be used to produce stainless steels.
According to the research results, a hydro-pyrometallurgical method of processing oxidized nickel ores with the production of complex nickel, chromium, manganesecontaining ferroalloys. The flow chart is shown in Figure 4 .
Findings
1. The problem of profitability of processing Russian poor oxidized nickel ores arose in conditions of sharp fluctuations in nickel prices on world markets. As an alternative to the previously existing in Russia, a sulphidation-reducing smelting on a matte, a hydro-pyrometallurgical method has been proposed for the preparation of complex nickel-, chromium, manganese-containing ferroalloys.
2. In the first stage, hydrolytic precipitation (with sodium hydroxide) is considered as a method of processing production solutions from heap leaching of ONO. It is established that at pH = 5.5, Al is completely removed in the precipitate as hydroxide. After washing from impurities and calcining, the concentrate with 50
wt.% Al was obtained.
3. In the second stage, at pH = 9.5, more than 99% of nickel and cobalt oxides, as well as 92% MnO and 46% MgO, removed in precipitate. The concentrate obtained after
